ADDITIONAL INDEX WORDS. Solanum tuberosum, variety development, education, outreach, MySQL, NE1031, relational SUMMARY. Databases are commonly used to coordinate and summarize research from multiple projects. The potato (Solanum tuberosum) research community has invested significant resources in collecting data from multiple states and provinces, and we have developed a web-based database format for the use of researchers, farmers, and consumers. The northeast regional potato variety development project (NE1031) is a U.S. Department of Agriculture, Cooperative State Research, Education, and Extension Service (USDA-CSREES) regional project focused on developing and evaluating the suitability of new varieties and advanced clones from multiple breeding programs for a range of environments. This multistate project and its predecessors have been in existence for more than two decades, and they have resulted in the collection of a significant amount of standardized potato trial data. We have developed an interactive potato variety database that allows researchers and end-users to access and obtain potato variety trial results in one centralized site. The database is populated with the results of potato variety trials conducted in eight states (Florida, Maine, New Jersey, New York, North Carolina, Ohio, Pennsylvania, and Virginia) and two Canadian provinces (Prince Edward Island and Quebec). It currently contains over 35 data features and was developed primarily for scientists interested in potato variety development, growers, and allied industry members. Hypertext mark-up language (HTML) and hypertext preprocessor (PHP) were used to develop the database interface.
T he USDA-CSREES NE1031 project entitled ''Development of New Potato Clones for Improved Pest Resistance, Marketability, and Sustainability in the East'' is a project that addresses the needs of the potato industry of the eastern United States through a coordinated process of potato breeding, selection, evaluation, and variety development. Potato breeding and germplasm improvement in this project are conducted by four potato breeding programs (University of Maine, Cornell University, North Carolina State University, and USDA-Agricultural Research Service-Beltsville, MD). Early generation multisite selection, subsequent advanced clone evaluations, and variety trialing are then coordinated across eight eastern states, with collaborative research efforts extending to trial cooperators across the United States and into eastern Canada. The overall goal of the project is to develop an array of attractive, nutritious, high-yielding, disease-and insect-resistant potato varieties that can be employed by small and large potato producers to enhance marketing opportunities, farm sustainability, and grower profits.
Breeding, selection, and development of adapted, chipping, French fry, specialty-type, and fresh market varieties are emphasized in this project. Selection procedures for processing lines emphasize high dry matter, acceptable fry color, and freedom from internal defects. Fresh market selection and evaluation emphasize excellent appearance, sensory, and nutritional qualities. Development of varieties with durable, multiple resistances to important pathogens and pests, such as late blight (Phytophthora infestans), verticillium wilt (Verticillium dahliae), early blight (Alternaria solani), common scab (Streptomyces spp.), Fusarium dry rot (Fusarium spp.), golden nematode (Heterodera rostochiensis), and colorado potato beetle (Leptinotarsa decemlineata) resistance are long-term priorities.
The NE1031 project is highly collaborative and takes advantage of the multiple potato breeding and variety development programs located in the eastern United States. The project has established a mechanism for sharing and exchanging germplasm and research results between eight participating states and two Canadian provinces. To facilitate easy access of key information, we have developed a web-based, userfriendly potato variety database to facilitate data management and access for the NE1031 project and the entire potato research community. This variety database site was designed primarily with the interests and needs of the potato research community in mind, but it can be accessed easily by farmers, seed brokers, and home gardeners interested in obtaining timely information on regional potato performance. The primary goal when constructing the database was to condense and distill the many variety trials that the NE1031 project conducts into a format that was standardized for key data, such as total and marketable yield, tuber appearance, plant maturity, and specific gravity. However, it was also designed to store unique data collected by
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specialized members of the group, such as disease and insect resistance and cooking qualities. Currently, the database comprises 35 data fields reporting the performance of <144 different advanced clones and varieties in multiple trials. Several other potato databases exist worldwide (Table 1). None in North America currently house as much information on released and advanced clones in a single website where the end user has control of the data points in the output as does the NE1031 Potato Database. The database server is located at the North Carolina State University (NCSU), Vernon G. James Research and Extension Center (VGJREC) in Plymouth, NC, and can be accessed at the Eastern Potato Variety Development Database page (Clough, 2009) or by doing a web search on NE1031 potato variety database. The objective of this article is to inform readers of the existence and utility of this resource, and to The development of this website and the generation of the multi-site potato variety performance data in the database would not have been possible without the support of the following funding sources: USDA CSREES NE1031 Regional Project, USDA CSREES Special Grants for Potato Research, and potato grower groups in the various participating states. Fig. 1 . A partial view of potato variety data submitted in Excel (Microsoft, Redmond, WA) format for the Northeast Potato Variety Development NE1031 project database. The top row is the name for each field. In the columns below each name are the data collaborators have sent for input into the database. The columns for clone, state or province, county, trial designation, and year are used as identifiers, which enables sorting and retrieval by variety. Columns to the right of the year column contain data specific to each variety in a given trial, location, and year. Fig. 2 . A portion of a text file created from the data submitted by collaborators. This file contains variety names and information relating to where and when the varieties were grown.
demonstrate how easily such a resource can be developed.
Materials and methods

DATABASE DESIGN.
The database runs on a Mac OS X Server (version 10.4.10; Apple Computers, Cupertino, CA) with a dual 2.7 GHz PowerPC G5 processor. This is a stand-alone server located at NCSU, VGJREC. The data are submitted by collaborators in Excel (Microsoft, Redmond, WA) spreadsheet format (Fig. 1) and converted into two text files where various characters are used to delimit clones and clone elements (Figs. 2 and 3) . The clone elements consist of descriptors such as year, trial, and trial location, and data specific to the performance of a clone. Using the Terminal software package provided on the Mac OS X Server, the elements of the two text files are imported into tables in a format recognized by MySQLÒ (MySQLÒ, Cupertino, CA), which is an open source relational database management system based on structured query language (SQL) (TechTerms.com, 2007) . A relational database is a collection of tables that refer to each other through a common set of parameters identified in each table (Meloni, 2002 ). In the eastern potato variety development database, we chose to have three sets of common data elements consisting of a combination of five specific elements. These elements consist of the variety name (or clone number), the state (or province), the county, the trial designation, and the year. For example, the first identifier contains all five data points, the second consists of the variety, trial designation, and year, and the final has only the variety and year. The purpose of having multiple identifiers is to allow data retrieval at varying levels of specificity. Data points related to specific locations not collected by each cooperator are handled easily by the MySQLÒ engine provided if the missing data are coded as missing and not zeros. When calculating an average, it will ignore all data that has a ''.'' in place of the data point. All data are encapsulated in quotation marks ('' ''), fields are delimited by the vertical bar character (j), and the end of an entry is denoted by three colons (:::). The preceding delimiters used for coding are arbitrarily designated by the administrator and are dictated to the processor to define the data points. Each of the files is also coded with the statement: NOW(), two times at the head of the entry. The NOW() statement is an SQL derived command that dates each entry. The first statement stamps the date of upload to the database, the other records the last date the entry was altered.
INTERNET INTERFACE DESIGN. The original interface for the NE1031 eastern potato variety development database was patterned after a database developed by S.R. James (Oregon State University) that used HTML coding. This site is no longer operational. To make a more user-friendly interface, we migrated to a combination of PHP and HTML web programming, which allows users to more narrowly define the available list of varieties and advanced lines. The web interface allows visitors to limit performance of searches by variety release status, tuber color, and or plant maturity. Any combination of these three traits can be used to limit the output of lines displayed for each search. Our latest design changes have also incorporated a standardized layout using Dreamweaver (version 8.0; Macromedia, San Francisco, CA), giving the website a more professional appearance.
After a user decides which type of clones he/she is interested in (e.g., by tuber color: red, white, purple, and/or by maturity: early, midseason, late), the list is reduced to a specific set of clones, and the output can then be Fig. 3 . A portion of a text file created from the data submitted by collaborators. This file contains all of the trial data.
• February 2010 20(1) Fig. 4 . The home page of the NE1031 eastern potato variety development database as shown on a Mac OS X Server (version 10.4.10; Apple Computers, Cupertino, CA) using the Safari browser (version 3.2.1; Apple Computers).
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• February 2010 20 (1) further constrained by selecting locations, traits, and years of interest (Fig.  4) . Before clicking the submit button, the user can also choose how the data are sorted and the formatting of the summaries printed. The output is presented in a tabular form and is expressed using PHP and HTML (Fig. 5) .
A second interface was constructed to allow users to build a one-page summary (Fig. 6 ) to compare a variety of interest with a standard variety that can also be selected by the user. The summary includes yield, color, maturity, chipping scores, intended use, and known disease, insect, and virus resistances. If available, an image of the variety is shown on the summary.
Results and discussion
To date, individuals from 26 countries, five continents, 26
American states, and five Canadian provinces have used the database. The average length of visit is between 1 and 2 min, and the longest hit lasted 62 min (ActiveMeter, Calgary, AB, Canada). The database users have been diverse, ranging from government agencies and universities to growers and individuals from urban areas.
Future improvements for the database include building another Fig. 5 . An example of the database output for the variety Peter Wilcox in North Carolina showing county, year, marketable yield, percentage of size, specific gravity, plant maturity, tuber shape, and overall. User's can choose to have the keys to the data fields displayed when the output is generated if needed.
interface that will allow the comparison of multiple varieties for a set of user-defined parameters. New features will be added to the existing interfaces to allow a user to search for varieties with resistance to specific virus, bacterial, fungal, and/or insect pests. This will increase the overall usefulness of the database.
The utility of the NE1031 eastern potato variety development database has lead to some discussion regarding the development of a national or North American potato variety trial database. This is a good goal; however, a major impediment to implementing such a resource relates to the diverse set of evaluation criteria collected by the individual potato research groups and regions across the country. One of the key factors enabling the development of the NE1031 potato variety database was that all regional potato cooperators agreed to evaluate our materials using a standardized set of evaluation descriptors.
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